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Abstract 
The objective of the present study is to review and introduce R&D strategy, progress and plan focused on marine 
geological storage in Republic of Korea. Marine geological storage of CO2 is to transport and to store CO2 captured 
from major point sources into the offshore geologic formations. The present project focused on an investigation into 
potential CO2 storage in the Korean continental shelves. This technology development plan is to meet Korean 
Government's CCS demonstration plan to explore and secure the CO2 storage sites which have >1MtCO2/year 
capacity in 2015 and to start CO2 injection of >1 MtCO2/year in 2017. We have carried out comprehensive R&D 
project on CO2 storage in marine geological formations since 2005. From 2011, core technologies related to the 
demonstration of CO2 offshore geological storage have been developed. Under this multidisciplinary project, our 
research topics can be categorized into 4 parts: 1) screening, selection and characterization of storage sites, and 
development of DB (especially focused on the offshore sediments), 2) design of offshore transport infrastructure 
including CO2 pipeline, carrier and floating temporary storage, 3) development of technologies for CO2 leak 
prevention during the transport, injection and storage processes, and 4) modeling and monitoring of subsurface CO2 
behavior, and establishment of marine environmental monitoring and management framework. 
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1. Introduction 
Marine geological storage of CO2 is to capture CO2 from major point sources, to transport to the 
storage sites and to store it into the marine geological structure such as offshore saline aquifer. The 
purpose of this paper is to briefly introduce latest R&D status on the transport, storage and subsurface 
monitoring of CO2 in Republic of Korea. To develop the technologies for CO2 storage in marine 
geological structures, we undertook a relevant R&D project that included the following: an initial survey 
of potentially suitable marine geological structures for a CO2 storage site, monitoring of behavior of 
stored CO2, the basic design of CO2 transport and storage processes as well as onshore and offshore plants, 
and assessment of potential marine environmental risks related to CO2 storage in geological structures [1]. 
By using the results of the current research, we plan to construct and verify about 1 Mt-CO2 transport and 
storage process in a marine geological structure of the East Sea of Korea. 
 
2. Screening and Selection of Storage Site 
To screen and select potential CO2 storage site, we dealt with three different offshore areas around the 
Korean Peninsula. The continental shelves include three different sedimentary basins including Ulleung 
Basin (East Sea), Kunsan Basin (Yellow Sea), and Jeju Basin (East China Sea). The basins have been 
explored by Korea National Oil Cooperation (KNOC) for hydrocarbon over more than two decades since 
the late 1970. By analyzing the exploration data in the continental margin, KNOC has found numerous 
structures which are considered to be potential hydrocarbon traps and thus CO2 storage [2]. 
 
Fig. 1. Location of southwestern margin of Ulleung Basin [2] 
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Fig. 2. Seismic profile with seismic unit (southwestern margin of Ulleung Basin) [3]
A theoretical CO2 storage capacity of the southwestern margin (ca. 13,000 km2) of Ulleung Basin was
estimated using the relatively large amount of exploratory data including 2D (ca. 8,500 L-km) / 3D (ca.
2,400 km2) multi-channel reflection seismic data integrated with twenty-three well bore data that had
been acquired in the area through the previous exploration activities (Fig. 1). Ulleung Basin is divided 
into two distinct regions: one is a tectonically deformed area (Dolgorae) and the other is a relatively less
influenced area by the plate motions (Gorae) during the Tertiary [2]. To estimate the theoretical CO2
storage capacity, fine-tuned stratigraphic/structural analysis and establishment of a regional stratigraphic 
framework for possible CO2 storage candidates were carried out.
The prestack time-migrated 2D/3D seismic data were interpreted using a conventional seismic
interpretation technique to identify sequences bounded by regional unconformities above and below
throughout the Gorae area within a limited depth of 2,200 m, considering both sealing capability above
800 m and tightness of the formation below 3,000 m. The seismic interpretation results in five different 
seismic units, although ten sequences are recognized, in the time domain that is converted into the depth
domain using an average velocity from check shot surveys conducted in the area, as shown in Fig. 2. To
estimate possibly effective CO2 storage capacities, the depth-converted seismic sequences are limited in
area of the shelf margins prior to incorporation of the other required parameters that include porosity and 
permeability from the borehole data, and theoretically inferred CO2 density with depth [2]. Using
efficiency factor defined by considering a depositional environment, P10 (2.2%), P50 (5.5%), and P90
(13.7%) [4] [5], the corresponding estimated possible storage volumes were 2,053 Mton, 5,131 Mton, and
12,782 Mton, respectively. The theoretically evaluated potential capacities will be effectively revised not 
only because the entire area will be investigated in the next phase but also because more variables will be
considered [2]. 
3. CO2 Transport Process
In Korea, most of the largest CO2 emission sources such as fossil power plant and industrial plants are
located along the coastal area, as shown in Fig. 3. And the most probable storage site is sub-seabed 
geological formations in the ocean region, especially saline aquifer. Among them, our studies have been
concentrated in Ulleung Basin and two power plants by considering existing data and national CCS
demonstration plan.
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Fig. 3. CO2 transport plan using carrier and pipeline 
To match the CO2 source and sink, onshore pipeline and offshore ship transport scenario was studied 
for demonstration phase. A conceptual schematic of the CO2 transport and injection process is that the 
captured and preprocessed CO2 is transported from emission source through the onshore pipeline and the 
offshore pipeline shown in Fig. 3. In commercial phase, hybrid pipeline network and small shuttle ship 
can be used in the offshore area. To collect CO2 from various sources and make the gathered CO2 same 
condition, CO2 hub port can be constructed nearby storage site in this case. A large scale transport 
network including onshore and offshore facilities are under conceptual design. 
If we use CO2 carrier in offshore area, it is necessary to use temporary storage tanks at port and 
injection site. A conventional liquefied gas tanks can be used in inland temporary storage. In case carriers 
are employed to transport high pressure liquid CO2 for offshore CCS, installation of maritime temporary 
storages is expected to improve the mobility of the carriers. In the CO2 injection sites, temporary storage 
system of Fig. 4 can reduce the carrier's waiting time and provide the role of a buffering terminal which 
enables carriers to offload the cargo and leave for the next voyage to pick up new CO2. This concept 
seems to be cost-effective in offshore CO2 transport and injection process.  
 
 
Fig. 4. Conceptual design of offshore temporary storage facilities [3] 
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4. Subsurface CO2 Monitoring  
In order to provide assurance that suitable sites can be selected and that they can be operated safely, 
underground CO2 will need to be monitored to verify no leakage and to provide confidence in predictions 
about its future behavior over the long term [6] [7]. To properly monitor the behavior of CO2, it is 
important to select appropriate monitoring techniques for the properties of storage sites. Various 
geophysical monitoring techniques can be used including time-lapse seismic methods, crosswell seismic 
tomography, vertical seismic profile (VSP), gravity, satellite airborne radar interferometry (InSAR), 
ground penetrating radar (GPR), electrical resistivity tomography, electromagnetic imaging methods and 
so on [6] [7]. We note that it is very important to choose proper monitoring techniques for storage sites to 
effectively monitor the behavior of CO2. We have reviewed lots of monitoring techniques and plan to 
determine which methods are appropriate to monitor Korean CO2 storage site in the near future. 
4-D time lapse seismic monitoring technique has been recognized as the most efficient one in offshore 
conditions as shown in Sleipner project [8]. A seismic monitoring can elucidate the spatial distribution 
and behavior of subsurface CO2 by using the physical properties changes of CO2 bearing pore space and 
formation water. A numerical simulation model was developed to detect the spatial distribution and 
behavior of subsurface CO2 by analyzing the acoustic wave propagation characteristics in the water 
column and elastic wave propagation in the sediment [1] [3].  
 
 
Fig. 5. Horizontal and vertical displacement of seismic wave in 0% CO2 saturation condition [3] 
 
Fig. 6. Horizontal and vertical displacement of seismic wave in 100% CO2 saturation condition [3] 
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The seismic wave propagation in the water column and was the sediment calculated by acoustic wave 
equation and elastic wave equation, respectively. It was assumed that there is no shear stress at the 
interface between water column and sediment. To calculate above governing equations, cell based finite 
difference method was used. Figure 5 and 6 show different horizontal and vertical displacement of 
seismic wave with CO2 saturation. 
5. Environmental Risk Assessment and Management 
Leakage of CO2 to the marine environment can change the chemistry of seawater including the pH and 
carbonate composition and also influence adversely on the diverse living organisms in ecosystems. 
Recently, IMO (International Maritime Organization) have developed the risk assessment and 
management framework for the CO2 sequestration in sub-seabed geological structures (CS-SSGS) [9] 
[10]. This framework aims to provide generic guidance in characterizing the risks to the marine 
environment from sub-seabed geological sequestration on a site-specific basis and also to collect the 
necessary information to develop a management strategy to address uncertainties and any residual risks 
[11]. 
 The environmental risk assessment (ERA) plan for CO2 storage work should include site selection and 
characterization, exposure assessment with probable leak scenario, risk assessment from direct and in-
direct impact to the living organisms and risk management strategy [9] [10]. Domestic trial of the CO2 
capture and sequestration in to the marine geologic formation also should be accomplished through risk 
management with specified ERA approaches based on the IMO framework, as shown in Fig. 7. The risk 
assessment procedure for CO2 marine storage should contain the following components; 1) prediction of 
leakage probabilities with the reliable leakage scenarios from both engineered and geological part, 2) 
understanding on physio-chemical fate of CO2 in marine environment especially for the candidate sites, 3) 
exposure assessment methods for various receptors in marine environments, 4) database production on 
the toxic effect of CO2 to the ecologically and economically important species, and finally 5) 
development of surveillance procedures on the environmental changes with adequate monitoring 
techniques [11].  
 
Fig. 7. Framework for the development of risk assessment and management system for environment-friendly ocean CCS project in 
Korea [11] 
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6. Legal and Regulatory Framework 
Generally, waste and other material dumping into the ocean is prohibited by IMO London Protocol 
(LP). But the revised IMO LP makes it possible to carry out CO2 sequestration into sub-seabed geologic 
formations [12]. The Marine Environmental Protection Law (MEPL) of Korea was also revised based on 
the IMO LP. The revised MEPL provide a legal and regulatory framework to demonstrate and deploy the 
large scale CO2 capture and storage in Korea. Details of the legal and regulatory framework by 
considering whole value chain of offshore CO2 transport and storage is under prepared.  
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